Objective: Coronary artery disease (CAD) is a common, complex, and progressive disorder characterized by the accumulation of lipids and fibrous elements in the arteries. It is one of the leading causes of death in industrialized nations. Oxidative modification of low-density lipoprotein (LDL) in the arterial wall plays an important role in the initiation and progression of atherosclerosis. Paraoxonase1 (PON1) is involved in lipid metabolism and is believed to protect LDL oxidation. In our study, we aimed to clarify the relationship between PON1 gene L55M polymorphism and the extent and severity of CAD. Methods: In total, 114 patients (54 males, mean age: 56.7±12.0 years; 60 females, mean age: 55.7±13.2 years) with stable angina or angina equivalent symptoms were enrolled in this prospective study. Cardiological evaluation was performed with electrocardiogram and transthoracic echocardiogram. The presence of hypertension, dyslipidemia, diabetes, and smoking status were ascertained. The patients were grouped according to their Gensini scores and gender. Genetic analysis of the PON1 gene L55M polymorphism was performed by polymerase chain reaction-restriction fragment length polymorphism. Results: We determined that the LL genotype was more prevalent in patients with Gensini score higher than or equal to 20 (p=0.026) and that this correlated with severe atherosclerotic coronary artery lesions in both gender groups, reaching a statistical significance in the female subjects (p=0.038). Conclusion: It was thought that the PON1 gene L55M polymorphism plays a significant role in CAD progression, especially in females. (Anatol J Cardiol 2016; 16: 175-82) 
Introduction
Coronary artery disease (CAD) is a common, complex, and progressive disorder that is characterized by the accumulation of lipids and fibrous elements in the arteries. It is one of the major causes of death in industrialized nations (1) . The etiology of the atherosclerotic process is multifactorial, and various risk factors have been implicated in the development of CAD, such as sex hormones, serum lipid profiles, obesity, hypertension, lifestyle, and environmental factors. Epidemiological and experimental studies point toward a gender bias; females encounter clinically symptomatic atherosclerosis approximately one decade later than males (2) . Higher levels of estrogen are related to higher levels of high-density lipoprotein (HDL) and lower levels of lowdensity lipoprotein (LDL) cholesterol (2) . The oxidative modification of LDL in the arterial wall plays an important role in the initiation and progression of atherosclerosis, and the inflammatory response generated by the macrophages to oxidized LDL is a critical trigger in the pathophysiology of atherosclerosis (3) . On the other hand, HDL plays an antiatherogenic role. The protective capacity of HDL is primarily attributed to its ability to remove excess cholesterol from peripheral tissues in the reverse cholesterol transport pathway. Paraoxonase1 (PON1) is a 43-kDa, Ca +2 -dependent enzyme, which is synthesized in the liver and secreted into circulation. It remains associated with apolipopro-tein (apo) A-I and apolipoprotein J (ApoJ) on HDL (4), which is believed to protect LDL and HDL from oxidation and thereby from the risk of CAD. PON1 is also involved in lipid metabolism and in the elimination of carcinogenic lipid-soluble radicals (5) . In vivo, its enzymatic activity is substrate dependent, and PON1 shows wide interindividual differences due to both dietary and lifestyle factors and functional genetic polymorphisms (6) . Lower PON1 enzymatic activity is associated with lower serum HDL cholesterol levels. Moreover, there is a close relationship between lower serum PON1 activity and CAD, myocardial infarction, familial hypercholesterolemia, and diabetes mellitus (DM) (7) .
PON1 gene, located on chromosome 7 (7q21.3), has two main coding polymorphisms affecting PON1 enzymatic activity; one is glutamine to arginine substitution at codon 192 (Q192R, rs662), and the other is leucine to methionine substitution at codon 55 (L55M, rs854560) (8) . It was shown that the L55M variant modulates circulating enzyme levels. LL individuals have the highest PON1 level among genotypes. On the other hand, the Q192R variant modulates enzymatic activity; hence, RR individuals have higher activity (9) . These two polymorphisms do not act in isolation; other risk factors such as diet, smoking, alcohol intake, age, as well as other coexisting polymorphisms in the same gene, such as rs705379 and PON1_304A/G or other gene polymorphisms can alter the outcome (10). Consequently, there are contradictory results in the field on the association between PON1 polymorphisms and CAD, where some studies show an association (11-13) and others do not (14) (15) (16) .
In the present study, we investigated the association of PON1 Leu55Met polymorphism with the extent and severity of atherosclerotic CAD in the Turkish population and whether there is a gender difference.
Methods
In this prospective study, 150 patients with stable angina or angina equivalent symptoms were screened between 2007 and 2011. In total, 114 patients (54 males, mean age: 56.7±12.0 years; 60 females, mean age: 55.7±13.2 years) with stable angina or anginaequivalent symptoms were enrolled in the study. Cardiological evaluation was performed with electrocardiogram and transthoracic echocardiogram. The presence of hypertension, hyperlipidemia, diabetes, and smoking status were ascertained. The patients were grouped according to their Gensini scores and gender. The genetic analysis of the PON1 gene L55M polymorphism was performed by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). The study design was approved by the Kırıkkale University Ethics Committee (2009/148).
Exclusion criteria were acute coronary syndromes, systolic heart failure (EF<50%), congenital heart disease, moderate and severe valvular heart disease, acute or chronic renal dysfunction (serum creatinine level>1.5 mg/dL), malignancies, morbid obesity (body mass index≥40 kg/m 2 ), asthma or chronic obstructive lung disease, connective tissue disorders, neurological problems, psychiatric diseases (psychosis, major depression, and anxiety disorders), endocrine diseases other than DM, alcohol and drug abuse, use of medications for hormonal treatment, and pregnancy or lactation. A total of 114 subjects (age 56.2±12.6 years old) were enrolled to the study after 36 were excluded for having one or more of the exclusion criteria.
Cardiological evaluation
Following a detailed medical history, physical examination was performed for all subjects. Twelve-channel electrocardiography (ECG) (Cardioline Delta1 plus, Remco; Italy) recordings and transthoracic echocardiography (GE-Vivid 7 Pro, General Electric; FL, USA) were performed. Coronary angiography was performed for patients who had pathological ST-segment and T-wave changes in their ECG recordings or systolic wall motion abnormalities in the analysis of transthoracic echocardiographic images (Integris-V, 2007, Philips; Amsterdam, Netherland). Hypertension (HT) criteria were systolic blood pressure equal to or higher than 140 mm Hg and diastolic blood pressure equal to or higher than 90 mm Hg.
Coronary angiography
The 114 patients underwent diagnostic quantitative coronary angiography (CAG) to assess CAD severity. Coronary angiography was conducted using standardized projections (Integris V-Philips, 2007). Same angle and skew of the gantry, sequence of standard angiographic views, contrast agent (Iomeron ® 400, Bracco-Patheon, Italy), and cardiac catheterization suite were used for all the subjects. All angiograms were filmed at 25 frames/s. The cinefilm reviewers were blinded to the subject groups, and the interpretations of the angiograms were made at the clinical center. Two blinded experienced cardiologists examined the angiographs. When there was a disagreement between them, a third investigator was admitted. Inter-and intra-observer variability for the repeated evaluations of angiograms of 16 randomly selected patients was low (for Gensini score: inter-observer variability 3.9±1.8%; intra-observer variability 4.5±1.8%). Three consecutive frames from the same phase of the cardiac cycle (preferably end-diastole) in the optimal single-plane projection that identified the stenosis in its greatest severity were chosen for quantitative angiographic analysis with a previously described and validated automated edge-detection algorithm. The severity of coronary stenotic lesions was assessed with the Gensini score based on the degree of luminal narrowing and its geographic importance (17) .
For statistical evaluation, the patients were categorized according to the results of Gensini scoring: Gensini score group 1: patients with a normal coronary angiogram [CAD (-)]. Gensini score group 2: patients with Gensini score lower than 20; mild, non-severe CAD [CAD (+)]. Gensini score group 3: patients with Gensini score equal to or higher than 20; severe CAD [CAD (+)].
We also statistically analyzed gender differences for the association of the paraoxonase 1 gene L55M polymorphism with the extent and severity of CAD.
Laboratory
Biochemical and hormonal analyses A fasting blood sample was drawn between 09:00 and 10:00. Laboratory work-up involved a detailed biochemical analysis. Total cholesterol, HDL cholesterol and triglyceride, fasting blood glucose, urea, creatinine, ALT and AST levels were measured; complete blood count was performed (Olympus AU 610 autoanalyzer, Olympus Diagnostics GmbH, Hamburg, Germany). The LDL cholesterol level was calculated by Friedewald formula (18) . The patients with total cholesterol level higher than 200 mg/dL, LDL cholesterol higher than 160 mg/dL, or triglyceride level higher than 200 mg/dL were categorized as dyslipidemic. DM is defined as having fasting blood glucose level equal to or higher than 126 mg/dL at two consecutive days or measurements.
PON1 polymorphism screening DNA samples were isolated from 5 mL venous blood samples according to the manufacturer's instructions (Invisorb® Spin DNA Extraction Kit, STRATEC Biomedical AG Birkenfeld, Germany). PCR was conducted in a total volume of 25 µL. Briefly, 50-100 ng of DNA was subjected to PCR at 1.5 mM MgCl 2 concentration using 1 U Taq DNA polymerase (Biotools DNA polymerase, Biotools B&M Labs, S.A.) with 0.1 nmoL of the following primers: sense primer 5′-GAA GAG TGA TGT ATA GCC CCA G-3′ and antisense primer 5′-TTT AAT CCA GAG CTA ATG AAA GCC-3′. After denaturing the DNA for 5 min at 95°C, the reaction mixture was subjected to 30 cycles of 1 min of denaturation at 94°C, 30 s of annealing at 61°C, and 1 min of extension at 72°C. The PCR product (170 bp) was digested with the restriction enzyme NlaIII (New England Biolabs, Ipswich, UK) (37°C, overnight), and the digested products were separated by 2% agarose gel electrophoresis. The L genotype (leucine) does not contain an NlaIII site, whereas the M genotype (methionine) does, giving rise to 126 and 44 bp-sized products (19) . The image of the agarose gel after PCR and restriction enzyme digestion is shown in Figure  1 . For statistical analyses, the patients were grouped according to the PON1 L55M genotype.
Statistical analysis
All statistical analyses were performed using SPSS version 15.0 (SPSS; Chicago, IL, USA). All variables were tested for normal distribution using the Kolmogorov-Smirnov test. Data with normal distribution were presented as mean±standard deviation (SD). Categorical variables were expressed as percentages and were compared with the chi-square test or Fisher's exact test.
In the comparison of continuous variables, Student's-t and one-way analysis of variance (ANOVA) with Bonferroni adjustment were used for comparing normally distributed data. Mann-Whitney U and Kruskal-Wallis tests were used for comparing data with skewed distribution. Partial correlation analysis was utilized to evaluate the correlations between the Gensini score and other continuous variables. Univariate analysis was also performed to evaluate important factors in association with the Gensini score and PON1 polymorphism. Additionally, we performed linear regression analysis with the backward method to determine the linear relationships between the PON1 L55Met polymorphism and atherosclerotic risk factors. A p value<0.05 was accepted as statistically significant.
Results

Patient characteristics
In the present study a total of 114 participants (54 males, mean age: 56.7±12.0 years; 60 females, mean age: 55.7±13.2 years) were enrolled. They were divided into three groups according to their Gensini score. The clinical characteristics of the 114 patients according to their genotype are given in Table 1 . No statistically significant difference was detected in anthropometric values, biochemical tests, blood pressure values, and atherosclerotic risk factors among the PON1 polymorphism groups.
Laboratory results
In the study group, there were 55 (48.2%) subjects with the LL genotype, 52 (45.6%) with the LM genotype, and 7 (6.1%) with the MM genotype. Genotypic distribution was in Hardy-Weinberg equilibrium. The genotypic distribution of the PON1 L55M allele was analyzed according to the dominant genetic model suggesting that the M allele is a risk factor for coronary heart disease; therefore, the LM and MM genotypes were pooled. The distribution of subjects according to their Gensini score groups, gender, and genotypes are given in Table 2 . Statistically significant differences were detected between the Gensini score groups and PON1 polymorphism groups (p=0.026, chisquare test). When we examined gender differences on the genotypic distribution in the Gensini score groups, we found a statistically significant difference in females but not in males 
(p=0.038 and p>0.05; respectively). In our cohort, the LL (Leu55Leu) genotype and L allele were more prevalent in subjects with more widespread and severe CAD (Gensini score≥20) in both genders and in total, although this did not reach statistical significance in males ( Table 2) .
The comparison of baseline measures among the Gensini score groups gave significant differences for systolic blood pressure, HT, serum levels of HDL cholesterol, and smoking habit (ANOVA) ( Table  3) . After Bonferroni correction, we detected that in the CAD (+) and Gensini score>20 group, systolic blood pressure, HT, and smoking habits were higher than those in other groups; on the other hand, in the CAD (-) group, the HDL cholesterol levels were higher.
For the determination of factors associated with the Gensini score groups, univariate ANOVA was used. PON1 L55M polymorphism, gender, age, weight, height, body mass index, smoking, systolic and diastolic blood pressures, presence or absence of HT, fasting blood glucose, presence or absence of DM, and serum total cholesterol, LDL cholesterol, HDL cholesterol, and triglyceride levels, and statin usage were analyzed. In this univariate analysis model, we were unable to detect any statistically significant association between the PON1 L55M polymorphism and Gensini score groups (F: 0.959, p>0.05). However, we were able to detect a statistically significant association between the PON1 L55M polymorphism and Gensini score in females (F: 472.288, p=0.002) when we ran the same analysis for gender groups separately.
For the identification of the factors that are in linearly correlated with the Gensini score, linear regression analysis with the backward method was used. The PON1 L55M polymorphism, age, weight, height, body mass index, systolic and diastolic blood pressures, smoking status, presence or absence of HT, presence or absence of DM, and fasting blood glucose, serum total cholesterol, LDL cholesterol, HDL cholesterol, and triglyceride levels, and statin usage were included in the analysis. The linear regression analysis of the PON1 L55M polymorphism and important atherosclerotic risk factors that affected the Gensini score are shown in Table 4 . Our results indicate that the PON1 L55M polymorphism had a statistically significant linear association with the Gensini score in our cohort and with females when analyzed in gender groups separately.
Discussion
In this study, we demonstrated that there is a statistically significant association between the PON1 L55M polymorphism 
and extent and severity of CAD in all participants, especially in females.
Atherosclerotic CAD is a multifactorial disorder, and genetic and environmental factors such as composition of the diet, smoking, gender, age, and presence of HT and/or DM play key roles in its development. Therefore, factors defining susceptibility among individuals, such as proteins that orchestrate inflammation, endothelial cell function (aggregant and antiaggregant equilibrium), serum lipid profiles (levels and functionality of HDL and LDL cholesterol), and oxidative stress (20) , vary tremendously.
Epidemiological studies showed that elevated LDL cholesterol and triglyceride levels and low HDL levels are risk factors for atherosclerotic heart disease. For HDL levels, it was suggested that the number of particles is not the only factor that determines the protective role (21) (22) (23) (24) . HDL can become proatherogenic as a result of oxidative changes, dysfunction, and/or the lack of protective molecules in its composition.
The PON1 enzyme, which is encoded by the PON1 gene located on 7q21.3, is an arylesterase that mainly hydrolyzes paraoxon to p-nitrophenol. It possesses antioxidant/antiinflammatory properties and is an HDL-associated enzyme shown to be responsible for the antioxidative property of HDL (24) . Low or absent PON1 activity reduces the capacity of HDL to prevent LDL oxidation and may lead to CAD (24) . Therefore, it is important to evaluate the quality as well as they quantity of HDL. Polymorphisms in this gene are thought to be a risk factor for CAD. In this study, we investigated the role of the L55M polymorphism on CAD severity. The M isoform is known to decrease enzyme concentration, and MM individuals have the lowest serum concentration (25) . In the studies investigating the effect of PON1 gene polymorphisms such as L55M and Q192R on PON1 enzyme activity, it was reported that individuals with LL and RR genotypes have the highest PON1 activity and that these polymorphisms are protective against atherosclerotic diseases (26) . However, in other studies, the opposite was reported (27) . In summary, there are a lot of contradicting results reporting the effects of PON1 genotypes on PON1 enzyme activity and atherosclerosis. Some of them, including our study, report that patients with LL genotypes are more prone to the development of atherosclerosis (13, (28) (29) (30) . Some studies have reported that there is no association between PON1 gene polymorphisms and atherosclerotic development (31) (32) (33) (34) (35) . In light of these reports, it can be seen that the relationship between atherosclerosis and PON1 genotypes is quite complex because of the multiplicity of genotype-genotype, genotype-phenotype, and genotype-environment interactions. In the Austrian Stroke Prevention Study, the 55LL genotype was found to be associated with the progression of cerebral white matter lesions, which is a marker of small-vessel disease and the frequency and severity of carotid stenosis (13, 36) . Multiple studies have shown that the development of CAD and association of CAD with intermediate biochemical variations and physiological risk factors are dependent on gender. However, most of the studies so far have not taken gender differences into account or have been conducted in only in men. To date, only few studies assessed the relationship between PON1 polymorphisms and CAD in women. Van Himbergen et al. (6) investigated 17,357 middle-aged women for the effect of PON1 genotype and activity on the incidence of CAD and acute myocardial infarction (AMI) and found no relationship between PON1 genetic variants (-107C>T, L55M, R192Q), PON1 activity, and CAD or AMI. Mukamal et al. (33) investigated males and females for the association between PON1 genotypes and CAD and found no association in either sex.
In our study, we found that the LL genotype was more prevalent in patients with the Gensini score higher than or equal to 20, which shows more severe atherosclerotic coronary artery lesions in both gender groups, although this was not statistically significant in men. Moreover, the PON1 L55M polymorphism in females correlated with a higher predisposition to severe atherosclerotic lesions. After adjusting for age, body mass index, lipid profile, blood pressure, presence of HT and/or DM, and statin use, a statistically significant association between the PON1 L55M polymorphism and Gensini score remained in the females. We concluded that gender and PON1 L55M polymorphism interactions vary. Our results are in agreement with the study by Rios et al. (37) , which showed that PON1 55LL genotype increases CAD risk among female CaucasianBrazilians, irrespective of other CAD risk factors. We cannot precisely explain the gender effect of PON1 on CAD development, but hormonal differences, diet, lifestyle factors, and other metabolism differences between genders may elucidate our results. Rios et al. (37) speculated that hormonal differences between genders influence lipoprotein oxidation and therefore, the PON1 effect on atherosclerosis. In a recent study, Yunoki et al. (38) found that plasma myeloperoxidase levels show a significant inverse correlation with serum PON1 concentrations. We can assume that like myeloperoxidase, there are other mediators that affect PON1 activity and atherosclerotic process in a gender-specific way. We believe that contradicting results in literature for PON1 alleles and atherosclerotic process are explained by the positive selection of males for CAD studies, thereby ignoring gender differences. Future studies focusing on females have the potential to reveal different mechanisms for the role of PON1 in atherosclerosis.
Study limitations
The small sample size and unavailability of plasma activity of PON1 are the major limitations of our study, which make it difficult to interpret a significant correlation. Although we indicated a gender difference, we were unable to get the hormonal status of the female patients, which could be the reason for the difference. The genotyping of other functional polymorphisms of the PON1 gene could be also useful for investigating the effect of PON1 on CAD. Our study should be considered as a pilot study, and additional studies that consider gender differences should be performed.
Conclusion
Besides the limitations, we believe our results will help clarify the role of PON1 polymorphism on CAD development. We showed a statistically significant association of PON1 L55M polymorphism with the Gensini score. The patients with PON1 55LL genotype had more severe CAD than others, especially in women.
